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Frequency modulation coded radar is a new kind of high range resolution radar 
with advantages such as far range coverage, low instantaneous bandwidth and strong 
anti-jamming capability. Studying on high accuracy range and motion parameter 
estimation algorithm on frequency modulation coded radar is of great significance to 
improve and prefect the follow-up target imaging and target recognition and target 
tracking algorithm. Therefore, we focus on the problem of estimating range and motion 
parameter on the frequency modulation coded signal in this article. And the main 
objectives of our research work can be summarized as follows:  
(1) The model of frequency modulation coded signal is discussed in detail. The 
process of down converting, sampling, matched filtering, and band-pass filtering 
process is simulated in our model. And the final output of this signal model is obtained 
in discrete form. 
(2) In order to obtain high precision estimation results, a method for motion 
parameters based on maximum likelihood estimation (MLE) is presented in this article. 
And the property of the likelihood function is analyzed and compared under different 
carrier frequency hopping patterns which are linear stepped, random codes and Costas 
codes. In order to evaluate and analysis the performance of the proposed algorithms, 
Cramér-Rao lower bound (CRLB) is also derived. Besides, this article discusses the 
influence of different carrier frequency hopping pattern on Cramér-Rao lower bound, 
which explains the performance difference of frequency modulated stepped signal and 
frequency modulation coded signal. The results of our simulation indicates that the 
MLE method can achieve close to the optimum performance theoretically attainable. 
(3) The MLE method has drawbacks as large search space, complicated 
calculation procedure, and the contradictory between the estimation precision and the 
amount of calculation. Firstly, in order to narrow the search of the MLE, we use the 















transform (FFT) and Chirp Z transform (CZT) is applied to MLE method to reduce the 
calculation process of likelihood function. The three-dimensional searching of range, 
velocity and acceleration is turned into a two-dimensional searching and one FFT or 
CZT. In addition, a fast method basing on Newton’s method is also provided, which 
turns the three-dimensional search process into an iteration process with small and fixed 
amount of calculation. Finally, a joint estimation algorithm is introduced, which can 
greatly reduce the calculation of the MLE. Experimental results show that the 
performance of the joint estimation algorithm is stable and can achieves CRLB. 
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